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TO ALL WHOM IT MAY CONCERN: 

Be it known that I, Jae Suk LEE, a citizen of the Republic of Korea, 
residing at 101-603, Hyundae Apartment, Changhowon-Eup, Icheon-Si, Kyunggi-Do, 
Republic of Korea have invented new and useful SEMICONDUCTOR DEVICES AND 
METHODS OF FABRICATING THE SAME, of which the following is a 
specification. 



SEMICONDUCTOR DEVICES AND METHODS OF 
FABRICATING THE SAME 

FIELD OF THE DISCLOSURE 
[0001] This disclosure relates generally to semiconductor devices, and, 
more particularly, to semiconductor devices and methods of fabricating the 
same. 

BACKGROUND 
[0002] Generally, a passivation layer is a final protection layer of a 
semiconductor device. The passivation layer is typically formed on an 
uppermost metal interconnect of the device, and serves to prevent scratching 
and/or contamination of a foreign substance on a chip surface during the 
packaging process. Such a passivation layer functions as a means for 
protecting the semiconductor device from environmental factors such as 
extemal moisture. The passivation layer can be formed by a combination of 
various oxide layers for stress-relief with a nitride layer serving as an excellent 
protection layer. 

[0003] In the prior art, the passivation layer has, in some instances, 
been fabricated by depositing a Plasma Enhanced-Tetra-Ethyl-Ortho-Silicate 
(PE-TEOS) oxide layer using a Plasma Enhanced Chemical Vapor Deposition 
(PECVD) on a semiconductor substrate on which an uppermost metal 
interconnect for the semiconductor device has been formed, and subsequently 
depositing a SiHj nitride layer using PECVD. Also, the passivation layer has 
been fabricated by depositing a SiH4 oxide layer using a high density plasma 
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Chemical Vapor Deposition (HDPCVD) process and subsequently depositinga 
SiH4 nitride layer using PECVD. 

[0004] For a semiconductor device such as a multi-intercoimect 
adapted device or a power device, the uppermost metal interconnect, (for 
example, a metal intercormect made of aluminum) is formed to have a 
thickness of 8000 to 10000 A. In contrast, the uppermost metal interconnect 
of a conventional semiconductor device is formed to have a thickness of 5000 
to 6000 A. Further, the uppermost metal interconnect of the power device is 
typically formed in a relatively larger area. 

[0005] However, because the passivation layer experiences a large 
stress for the thick and wide uppermost metal interconnect, a crack has often 
occurred in the passivation layer of prior art multi-interconnect adapted 
devices or prior art power devices during the packaging process. In other 
words, this stress has caused an increased incidence of defects in 
semiconductor products that are manufactured using a packaging process. 

[0006] To reduce the incidence of defects in the semiconductor 
devices such as cracks of the passivation layer, it has been required that the 
passivation layer for the uppermost metal interconnect be subjected to low 
levels of stress, and that the passivation layer be composed of a high hardness 
material which is resistant to external shocks. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0007] FIG. 1 is a cross-sectional view of an example semiconductor 

device. 



[0008] FIGS. 2 to 4 are cross-sectional views of the semiconductor 
device of FIG. 1 at different stages of a fabrication process. 

DETAILED DESCRIPTION 
[0009] Hereinafter, an example semiconductor device will be 
described with reference to the accompanying drawings. The same reference 
nimierals are used to designate the same or similar components throughout the 
following description and drawings. Therefore, repetition of the description of 
the same or similar components will be omitted. 

[0010] FIG. 1 is a cross-sectional view of an example semiconductor 
device. Referring to FIG. 1, the uppermost metal interconnects 102 are 
formed on a semiconductor substrate 101. The uppermost metal interconnects 
102 are spaced apart with a predetermined distance therebetween. An oxide 
layer 103 (such as an imdoped silica glass (USG) or a fluorinated silica glass 
(FSG)) is formed on the metal interconnects 102 using a high density plasma 
Chemical Vapor Deposition (HDPCVD) method. An aluminum layer 104 is 
formed on the oxide layer 103 on the front surface of the substrate 101 using a 
sputtering method. An aluminum oxide layer 105, (i.e., a stress-relief layer 
105), is formed on the aluminum layer 104. 

[0011] Since the stress-relief layer 105 is less susceptible to stress than 
the metal interconnects 102 and has a high hardness, it serves to relieve stress 
experienced by the metal interconnects 102. Formation of the stress-relief 
layer 105 makes it possible to prevent the leakage current of the 



semiconductor device from being increased and breakdovm voltage thereof 
being reduced. 

[0012] The aluminum oxide layer 105 is a kind of AlxOy layer formed 
on the aluminum layer 104, The AlxOy layer is formed by performing a 
plasma treatment to the aluminum layer 104 using N2O or O2 gas and 
annealing the treated layer in an atmosphere of inert gas, such as Ar or He, or 
of gas, such as N2O, O2, N2 or H2, etc. at a low temperature of, for example, 
200 to 400''C for 1 0 to 1 00 minutes. 

[0013] Although persons of ordinary skill in the art will appreciate 
that, in addition to the structures discussed above, the illustrated 
semiconductor substrate 101 may also comprise other conventional structures 
such as, for example, a diffusion layer (e.g., a source/drain), a gate electrode, 
an interlayer dielectric, a metal interconnect and so forth, those additional 
structures have not been shown in the drawings because they are conventional 
and irrelevant to the subject of this disclosure. Also, although for clarity of 
illustration only two uppermost metal interconnects 102 are shown in the 
drawings, more than two uppermost metal interconnects 102 may be placed on 
the semiconductor substrate 101. 

[0014] FIGS. 2 to 4 are cross-sectional views of the semiconductor 
device of FIG. 1 shown at various times of an example fabrication process. As 
shown in FIG. 2, a semiconductor substrate 101 is first formed. As discussed 
above, the semiconductor substrate 101 may include, for example, a diffusion 
layer (e.g., a source/drain), a gate electrode, an interlayer dielectric, a metal 
interconnect and/or other conventional structures. However, those 



conventional structures are omitted from the drawings as irrelevant to the 
present discussion. 

[0015] A metal layer for creating the uppermost metal interconnects 
102 is deposited in a thickness of 8000 to 10000 A on the semiconductor 
substrate 101 using, for instemce, a sputtering process. Then, using 
photolithography, a photoresist pattern (not shown) corresponding to the 
uppermost metal interconnects 102 is formed on the metal layer to create an 
etching mask. The portion(s) of the metal layer which are not masked by the 
photoresist pattern are then etched until the portion(s) of the semiconductor 
substrate lOlimder the exposed portion(s) of the metal layer are exposed. 

[0016] The uppermost metal interconnects 102 are thus formed on the 
semiconductor substrate 101 in a desired pattern. Although only two 
uppermost metal interconnects 1 02 are shown in the drawings, persons of 
ordinary skill in the art will appreciate that more than two uppermost metal 
interconnects 102 are typically placed on the semiconductor substrate 101. 

[0017] Referring to FIG. 3, after the uppermost metal interconnects 
102 are formed, an oxide layer 103 (e.g., USG or FSG) is formed over the 
semiconductor substrate 101 and the metal interconnects 102 using a High 
Density Plasma Chemical Vapor Deposition (HDPCVD) method. Then, an 
aluminum layer 104 is formed on the oxide layer 103 using a sputtering 
method. The aluminum layer 104 preferably has a thickness of 2000 to 
3000A. 

[0018] Referring to FIG. 4, an aluminum oxide layer 105 (such as, for 
example, an AlxOy layer), is formed on the aluminum layer 104 to create a 



stress-relief layer 105. The aluminum oxide layer 105 may be formed by 
performing a plasma treatment to the aluminum layer 1 04 using N2O or O2 
gas. As the aluminum layer 104 is oxidized into the alimiinum oxide layer, the 
thickness of the remaining aluminum layer 104 is reduced to 100 to 3 00 A. 

[0019] After the aluminum oxide layer 105 is formed, the alxmiinum 
oxide layer 105 is annealed in an atmosphere of inert gas, such as Ar or He, or 
in an atmosphere of gas, such as N2O, O2, N2 H2, etc. at a low temperature of, 
for example, 200 to 400^0 for 10 to 100 minutes by a rapid thermal process or 
a heat treatment using a conventional furnace. Accordingly, the aluminxmi 
oxide layer 105 is formed into a stress-relief layer 105. 

[0020] Since the stress-relief layer 105 has a high hardness 
characteristic and a low stress susceptibility relative to the metal interconnects 
102, the stress-releif layer 105 serves to relieve stress for the metal 
interconnects 102. Formation of the stress-relief layer 105 prevents cracking 
during a subsequent packaging process, so that leakage current of the 
semiconductor device may be reduced and the breakdown voltage thereof may 
be increased. 

[0021] Accordingly, the aluminum oxide layer 105 can be used as a 
passivation layer. Thus, defects due to cracking caused by extemal shocks 
occurring during the packaging process are reduced. 

[0022] As described above, the illustrated semiconductor device is 
manufactured by forming an uppermost metal interconnect 102 on a 
semiconductor substrate 101; forming an oxide layer 103 and an aluminum 
layer 1 04 on the uppermost metal interconnect 1 02, and forming an aluminum 



oxide layer 105 as a passivation layer and a stress-relief layer, thereby 
preventing cracking due to the external shocks occurring during a subsequent 
packaging process, reducing leakage current of the semiconductor device, and 
increasing the breakdown voltage. 

[0023] From the foregoing, persons of ordinary skill in the art will 
appreciate that the above disclosed methods and apparatus reduce stress for 
the uppermost metal interconnect 1 02, thereby preventing cracking of the 
passivation layer during a subsequent packaging process without affecting the 
RC delay of the uppermost metal interconnect 102. 

[0024] To this end, the illustrated semiconductor device includes a 
semiconductor substrate 101; £in uppermost metal interconnect 102 formed on 
the semiconductor substrate 101; an oxide layer 103 formed on the substrate 
101 and on the uppermost metal interconnect 102; an aluminum layer 104 
formed on the oxide layer 103; and a stress-relief layer 105 formed on the 
aluminum layer 104. 

[0025] Preferably, the stress-relief layer 105 is composed of an 
aluminum oxide layer. 

[0026] Preferably, the aluminum layer 104 is formed in a thickness of 
100 to 300 A. 

[0027] Preferably, the oxide layer 105 is formed of an undoped silica 
glass (USG) or a fluorinated silica glass (FSG). 

[0028] An example method for manufacturing a semiconductor device 
is also disclosed. In the method, an uppermost metal interconnect 102 is 
formed on a semiconductor substratelOl ; an oxide layer 103 is formed on the 



substrate 101 and the metal interconnect 102; an aluminum layer 104 is 
formed on the oxide layer 103; and a stress-relief layer 105 for reducing the 
stress experienced by the metal interconnect 102 is formed on the aluminum 
layer 104. 

[0029] Preferably, the stress-relief layer is formed by performing a 
plasma treatment on the surface of aluminum layer 104 to form an aluminum 
oxide layer; and annealing the aluminum oxide layer. 

[0030] Preferably, the plasma treatment is a process using N2O gas or 

O2 gas. 

[0031] Preferably, the annealing of the aluminum oxide layer is 
performed at a temperature of 200 to 400°C. 

[0032] Preferably, the annealing of the aluminum oxide layer is 
performed in an atmosphere of inert gas, such as Ar or He, or of a non-inert 
gas, such as, for example, N2O, O2, N2 H2, or a mixture thereof. 

[0033] Although certain example methods and apparatus have been 
described herein, the scope of coverage of this patent is not limited thereto. 
On the contrary, this patent covers all methods, apparatus and articles of 
manufacture fairly falling within the scope of the appended claims either 
literally or under the doctrine of equivalents. 



